The subterranean genus Niphargus is one of the most species-rich genera among freshwater amphipods in the world, distributed in the Western Palearctic. Thus far, taxonomic and phylogenetic research has focused mainly on the European half of the genus range. In this study, 25 populations of Niphargus from Iran, Lebanon and the Crimean Peninsula were investigated. Bayesian inference based on 28S, H3 and COI gene sequences suggests that populations from the area belong to four different clades. Three species from Crimea and one species from Iran are nested at basal nodes, indicating their rather ancient origin. The rest of the species are younger and belong to two separate clades. One Crimean species is a sister-species to east Romanian species. The second clade includes one species from Lebanon and all but one population from Iran. The origin of this clade corresponds to marine transgression between the Black Sea and Mediterranean approximately 12 Mya. This clade was further investigated taxonomically. Revision of qualitative morphological traits and unilocus species delimitation methods using COI suggest that this clade comprises 12-16 species, of which only three have been described so far. Multilocus coalescence delimitation methods (using fragments of COI, 28S, H3 and ITS) strongly supported 11 of these species. The remaining populations comprise at least two species complexes that require further and more detailed taxonomic research.
INTRODUCTION
With over 330 species, Niphargus is the largest genus of freshwater amphipods distributed across the Western Palearctic (Väinölä et al., 2008) . All members of the genus live in subterranean waters or waters related to subterranean environments, such as springs (Fišer, 2012) . The taxonomy and phylogeny of the genus has been only partially resolved. Extensive cryptic speciation has been well documented (Mathieu et al., 1997; Lefébure et al., 2006 Lefébure et al., , 2007 Trontelj et al., 2009) . Many species are distinguished on the basis of only a few, easily overlooked morphological characters and molecular data are often needed to determine whether sets of populations deserve species status (Fišer & Zagmajster, 2009 ). Comprehensive phylogenetic analyses have suggested that morphology is strongly influenced by convergent selection and therefore the inferences of phylogenetic relationships should also include molecular markers (Fišer, Sket & Trontelj, 2008a) . Unfortunately, frequently used genetic markers (COI, 12S, 28S, ITS) have resolved the hierarchical structure of the genus only partially and the phylogenetic relationships at the base of the Niphargus tree remain unresolved (Lefébure et al., 2006 (Lefébure et al., , 2007 Fišer et al., 2008a; Flot, Dattagupta & Woerheide, 2010; Flot et al., 2014; but see McInerney et al., 2014) .
So far, about 300 species of Niphargus have been reported from Europe and only 30 species from the Middle East, Crimean Peninsula and Transcaucasia ( Fig. 1 ; Karaman, 1986 Karaman, , 1998 Karaman, , 2012a Akbulut et al., 2001; Väinölä et al., 2008; Fišer, Çamur-Elipek & Özbek, 2009a; Andreev & Kenderov, 2012; Esmaeili-Rineh & Sari, 2013; Hekmatara et al., 2013) . Similarly, phylogenetic analyses were reconstructed including mainly European species; about 80 European species can be assigned to 12 major clades (Fišer et al., 2008a; Flot et al., 2014; McInerney et al., 2014) . Non-European species have not been included in phylogenetic analyses. In other words, about half of the genus range has been poorly explored both taxonomically and phylogenetically. Iran has been recognized as the easternmost border of the genus Niphargus (Karaman, 1998) . Several authors have noted that species richness in the eastern part of the range might be underestimated, raising questions about yet undiscovered species (Fišer et al., 2009a; Hekmatara et al., 2013) bound to regions with permanent water reserves (Fišer et al., 2009a) .
Iran is located in West Asia and borders the Gulf of Oman, Persian Gulf and Caspian Sea. The two main mountain chains of Iran are the Zagros and Elburz Mountains. The Zagros Mountains include a series of parallel ridges interspersed with plains that bisect the country from north-west to south-east. The Zagros Mountains represent 55% of all karstic-carbonate formations in Iran (Raeisi, 2004) and provide a major water resource for the region. From that point of view, Zagros could be the easternmost species-rich region for Niphargus. Indeed, studies of springs in the Zagros Mountains over the past decade have resulted in descriptions of several amphipods (Stock et al., 1998; Khalaji-Pirbalouty & Sari, 2004 Zamanpoore et al., 2009 Zamanpoore et al., , 2010a Hekmatara, Sari & Heidari-Baladehi, 2011) including four new species of Niphargus (Esmaeili-Rineh & Sari, 2013; Hekmatara et al., 2013) . The phylogenetic relationship of these species to the remaining Niphargus species is not known.
This study has two aims. First, we extend molecular analyses of Niphargus to cover samples from the eastern parts of its geographical range and to put the species from those regions within a common phylogenetic and biogeographical framework with the European diversity. Second, we explore the species diversity of morphologically poorly characterized populations from Iran and Lebanon using morphological and molecular data, and provide evidence that much of the species diversity in that area still remains undescribed.
MATERIAL AND METHODS
Specimens of Niphargus were collected from 25 localities in caves and spring waters of Iran, Lebanon and the Crimean Peninsula [ Fig. 1 , Table 1 (new samples  from east) and Supporting Information, S1 (all samples included in analyses with GenBank accession numbers)]. First morphological examination revealed that most of the samples could not have been attributed to any known species. All major water basins (according to the Iranian National Geographic Organization) within the Elburz and Zagros Mountains from north-west to south-east Iran were visited. Additional specimens were collected from Magharit Cave in Lebanon, and several localities in the Crimean Peninsula. The specimens were collected using small hand nets and preserved in 96% ethanol. All collected materials from Iran were deposited at the Zoological Museum, University of Tehran (ZUTC), Iran, whereas those from Lebanon and the Crimean Peninsula were deposited at the Zoological Collection, Department of Biology, Biotechnical Faculty, University of Ljubljana, Slovenia. A complete list of the species, sampling localities, and accession numbers of the sequences used in this study are in Tables 1 and  S1 . The distribution maps of sampling localities were created using ArcGIS 10.3 (ESRI, Inc.) (Fig. 1) .
LABORATORY METHODS
Most samples from Iran contained only a few individuals; therefore, we used one individual per locality with the exception of five populations (Tir-e-Bagh, Dimeh, Sarab-e-Kanipahn, Ghori-Ghaleh and Sarab-e-Moord) where two individuals were analysed. The DNA extractions were performed using either the whole specimen or only some appendages (2-3 pereopods). Genomic DNA was extracted using the GenElute Mammalian Genomic DNA Miniprep kit (Sigma-Aldrich) following the manufacturer's protocol.
In this study we amplified fragments of four genes: mitochondrial cytochrome oxidase C subunit I gene (COI), and fragment of nuclear genes 28S rDNA, histone H3 and internal transcribed spacer (ITS). Mitochondrial COI was amplified using either primers LCO1490 and HCO2189 (Folmer et al., 1994) or newly designed COI_Spf1 (5′-GNACCTTATATTTTATTTTAG-3′) and COI_Spr1 (5′-CGRTCTGTTARTAATATWGTAAT-3′) for the samples we could not amplify using standard Folmer's primers. The nuclear 28S rDNA gene was amplified using primers 28S lev2 (Verovnik, Sket & Trontelj, 2005) and 28S des2 (Zakšek, Sket & Trontelj, 2007) . Fragments of H3 and ITS were amplified using the respective primer pairs H3NF and H3NR (Colgan, Ponder & Eggler, 2000) and ITS SF2 and ITS SR2 (Flot et al., 2010) .
The amplifications were conducted in a 15-μL reaction mixture containing 0.5 μL of template DNA, 1.5
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Figure 1. Distribution of the genus Niphargus. The upper map is based on c. 10 000 records from the European Groundwater Crustacean Database (Zagmajster et al., 2014) , and clearly indicates how unevenly the genus has been studied. The lower map shows the distribution map of the localities used in this study (Iran, Lebanon, Crimean Peninsula) . The shaded areas show the hypothetical geographical range of two clades with representatives in Iran. Sampling localities and spatial distribution of two Niphargus clades in the Middle East, Crimean Peninsula and Transcaucasia are labelled as: 1, N. vadimi; 2, N. dimorphus; 3, N. tauricus; 4, Brolan Spring; 5, N. khwarizmi; 6, N. daniali; 7, Sohrevard Spring; 8, N. alisadri; 9, 10, 11, Nojivaran Spring; 12, 13, Razbashi Spring; 14, 15, 16, 17, Dimeh Spring; 18, 19, Kanipahn; 20, 21, Gahroo Spring; 22, Siah Spring; 23, Belqais Spring; 24, 25 , Magharit Cave in Lebanon. 
*Terminology, relevance and variation of characters listed is presented and discussed in Fišer et al. (2009b) .
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μL of PCR reaction buffer containing 50 mM MgCl2 (Biotools), 0.2 μL of each primer (20 mM), 1.5 μL of 2 mM dNTPs (Thermo Fisher Scientific), 0.084 μL of Taq DNA polymerase (Biotools) and double distilled H2O (Sigma-Aldrich). The PCRs were run in a thermal cycler (Eppendorf) with an amplification profile as follows. For COI gene amplification, an initial denaturation step at 95°C for 4 min was followed by 40 cycles of 1 min at 95°C, 1 min at 45°C and 2 min 30 s at 72°C with a final extension step for 7 min at 72°C (MacDonald et al., 2005) . The PCR programme used for the 28S rDNA gene amplification consisted of an initial denaturation step at 94°C for 7 min followed by 35 cycles of 45 s at 94°C, 30 s at 55°C and 1 min at 72°C with a final extension step for 7 min at 72°C. Histone H3 was amplified by initial denaturation at 94°C for 3 min followed by 40 cycles of 45 s at 94°C, 1 min at 46°C and 1 min at 72°C with a final extension step for 3 min at 72°C. The ITS was amplified by initial denaturation at 94°C for 3 min followed by 30 cycles of 30 s at 94°C, 45 s at 54°C and 2 min at 72°C with a final extension step for 10 min at 72°C.
The PCR products were purified using Exonuclease I and shrimp alkaline phosphatase (SAP) (Thermo Fisher Scientific). Exonuclease I (0.2 μL) and SAP (1 μL) were added to 10 μL of the PCR product. The mixture was incubated for 45 min at 37°C and followed by 15 min incubation at 80°C. The PCR products were sequenced with both amplification primers using ABI3730XL (Applied Biosystems) at Macrogen Inc.
The sequences were aligned using MAFFT v. 6 with the EINS-I algorithm implemented in Geneious Pro 5.6 (Biomatters). The sequences were submitted to GenBank and the accession numbers are given in Tables 1 and S1 .
PHYLOGENETIC ANALYSES
The dataset used in phylogenetic analyses comprised 125 specimens, covering Niphargus geographical distribution and morphological diversity: 90 nominal Niphargus species, 29 Niphargus specimens from Iran, members of four other niphargid genera (Carinurella, Pontoniphargus, Niphargobates, Niphargopsis) and two outgroup species, Synurella ambulans and Gammarus fossarum. This analysis was made using three markers: COI, 28S and H3. We excluded the ITS gene from the phylogenetic analysis, as it was sequenced in fewer than 50% of species and missing data could bias the results of analysis (Wiens & Tiu, 2012) ; see Tables 2 and S1 for overviews of the datasets. Moreover, ITS is a fastevolving gene important for resolving more recent but not past phylogenetic relationships. About 64% of all sequences are provided as a part of this study, the rest being selected from the GenBank database.
Aligned sequences of 28S, COI and H3 were concatenated and treated as separate partitions. Gaps were coded as minus (-) and missing data were treated as ambiguities (?). Best fitted evolutionary models specific for partitions were selected using Partition Finder 1.1.1 (Lanfear et al., 2012) . Five partitions (both nuclear genes and site-specific COI) were assigned with GTR+I+G evolutionary substitution model.
The phylogenetic relationships were inferred using Bayesian analyses in MrBayes 3.2 (Ronquist & Huelsenbeck, 2003) . We ran five million generations, sampling every 200th generation in two independent Markov Chain Monte Carlo (MCMC) algorithms with four cold chains. The initial 25% of the trees were discarded as a burn-in and a 50% majority-rule consensus tree was obtained from the remaining saved trees. Phylogenetic analyses were run on the CIPRES Science Gateway (http://www.phylo.org; Miller et al., 2012) . 
SPECIES DELIMITATION PROCEDURE
To estimate species diversity of Niphargus in Iran, we employed the general species concept (de Queiroz, 2005 (de Queiroz, , 2007 which considers species as sets of populations evolving independently from other populations. In short, de Queiroz linked the species delimitation procedure with the process of speciation, in which an ancestral lineage is split into two descendant lineages that in turn evolve ecological, morphological, physiological, behavioural and genetic distinctness (de Queiroz, 2005 (de Queiroz, , 2007 . Note that although any kind of distinctness may be considered as a pointer of speciation, the distinctness itself may not be founded in speciation processes (e.g. non-genetic phenotypic variation, isolationby-distance). Therefore, inference of an independent evolution among distinct sets of populations requires additional testing. The goals of this section are (1) to identify distinct lineages representing so called speciescandidates, and (2) to test whether these lineages evolve independently. Lineage distinctness was inferred within an integrative taxonomy frame, i.e. using morphological and genetic variation (Padial et al., 2010; Edwards & Knowles, 2014) . Different sources of data and different methods may yield different species-hypotheses. To account for the problem, we first searched for three sets of alternative species-candidates as follows. The first and the second set of species-candidate hypotheses have been defined using two alternative unilocus species delimitation procedures (bPTP, GMYC, see below) based on the COI sequences dataset ( Table 2 ). The third set of species-candidate hypotheses has been defined using qualitative morphological traits (see below).
In the second step, we tested which among the alternative species-candidates are most likely. Support for evolutionary independence of alternative speciescandidates was evaluated using multilocus sequence data within a theoretical model combining species phylogenies and gene genealogies via an ancestral coalescent process (Yang & Rannala, 2010) . This approach provides a rigorous test that avoids subjectivity in interpretation of morphological variation, problems related to introgression or mismatch arising between gene-trees and species-trees (Fujita et al., 2012) . Methodological details are presented in the sections as follows.
SINGLE LOCUS DELIMITATION USING BAYESIAN
POISSON TREE pROCESS (bPTP) The first unilocus species delimitation was based on COI sequences and analysed through bPTP, which searches for the threshold between species-level and coalescent processes using substitution rate (Zhang et al., 2013) . The delimitation procedure requires a phylogenetic tree; branch lengths of the tree represent mutations.
To reconstruct the phylogenetic tree, we compiled a dataset of 102 COI sequences including Iranian specimens (see Table 2 and Supporting Information). The phylogenetic tree was inferred using MrBayes under GTR+G+I evolutionary model, selected as the one with the lowest AIC value in Partition Finder 1.1.1 (Lanfear et al., 2012) . We ran five million generations, which were sampled every 500th generation in two independent MCMC algorithms with four cold chains. The initial 25% of the trees were discarded as burn-in and a 50% majority-rule consensus tree was obtained from the remaining trees.
The majority rule consensus tree was submitted to a web server (http://species.h-its.org/ptp/) for species delimitation. Bayesian posterior probabilities for speciescandidates were acquired after running 500 000 generations, sampling every 200th generation and discarding 20% of the samples as burn-in.
SINGLE LOCUS DELIMITATION USING gENERAL mIXED yULE-cOALESCENT (GMYC)
An alternative species delimitation procedure was applied to the same set of 102 COI sequences using GMYC (Pons et al., 2006) . GMYC searches for the threshold between species-level and coalescent processes using haplotype diversity via an ultrametric tree.
The maximum clade credibility (MCC) tree for GMYC species delimitation was inferred using BEAST 1.8.1 (Drummond et al., 2012) under GTR+G+I evolutionary model (selected using Partition Finder 1.1.1, see above). The tree prior was set to Yule process. Two molecular clock priors were used in two alternative analyses. In the first, a strict clock with uniform distribution of on average 0.018 substitutions per site per million years was used (data estimated using amphipod Pontogammarus, see Nahavandi et al., 2013) . For the second analysis we used an uncorrelated lognormal relaxed clock prior. Root-node of the genus Niphargus, estimated to be 88 Mya (after McInerney et al., 2014) , served as a single calibration point for inference of evolutionary diversification.
The MCMC algorithm was run for 100 million generations that were sampled every 5000th generation. Four independent runs were performed for both alternative analyses. Convergence and reaching the stationary phase was checked using Tracer 1.6 (Rambaut et al., 2013) and the run with the highest effective sample size (ESS) values was selected for further analyses. A subset of the resulting trees was discarded as burn-in and the MCC tree was summarized from the remaining 17001 trees in TreeAnnotator 1.8.1 (Drummond et al., 2012) . The resulting ultrametric tree MOLECULAR PHYLOGENY OF NIPHARGUS IN THE MIDDLE EAST 817 was used for species delimitation using singlethreshold GMYC method as implemented in R-package splits version 1.0-19 (Ezard, Fujisawa & Baraclough, 2009) 
MORPHOLOGICAL ANALYSES
Species from the Crimea and already described species from Iran were collected at their type localities. Species identity of Crimean species was confirmed using the original descriptions of Birštein (1961 Birštein ( , 1964 . The specimen from Lebanon was juvenile and its identity could not be determined.
Most samples from Iran belong to undescribed species. All specimens were examined under a stereomicroscope for a large number of characters usually used in the taxonomy of Niphargus. The focus was exclusively on qualitative characters as listed in Fišer et al. (2009b) . Species-candidates were defined based on distinct combinations of qualitative data.
MULTILOCUS DELIMITATION AND SPECIES HYPOTHESIS TESTING
We used Bayesian species delimitation analysis implemented in Bayesian Phylogenetics & Phylogeography (BPP 2.2) (Yang & Rannala, 2010) to estimate evolutionary independence of alternative a priori determined species-candidates. The analysis requires speciescandidates, multilocus sequence data and a starting guide species tree. In turn, posterior probabilities that species-candidates evolve independently from each other are estimated within a coalescent-based framework.
Species-candidates were defined using three alternative approaches (PTP, GMYC, morphology) as described above. The exception was a pair of individuals identified as N. khayyami from Ghori-Ghaleh cave, for which the COI gene sequence could not be amplified. Given that both individuals constitute an independent monophyletic group in phylogenetic analysis (see Results) and considering their morphological distinctness, the two individuals were assigned the same species status in all multilocus coalescence analyses.
To conduct analyses, we compiled another dataset of 97 specimens (Table 2 and Supporting Information) for which we obtained sequences of four independent loci (28S, COI, H3 and ITS). The starting guide tree was calculated in BEAST. All four genes were concatenated. The dataset was partitioned and GTR+G+I evolutionary models assigned to separate partitions in Partition Finder 1.1.1 (see above). Three different speciation models [Yule process, Birth-death process (Gernhard, 2008) and Calibrated Yule (Heled & Drummond, 2011) ] were tested and the Yule process was selected as the most appropriate according to a posteriori simulation-based analogue of Akaike's information criterion (AICM) (Raftery et al., 2007) , as implemented in BEAST. Time of evolutionary diversification of the genus was estimated using nine external node calibration points with normal distribution derived from Hou et al. (2011) and McInerney et al. (2014) (Fig. S1 ). An uncorrelated lognormal relaxed clock was estimated for all partitions. The strict clock was less appropriate for the dataset based on comparison of effective sample statistics in Tracer; it was thus omitted from analyses. Four independent MCMC runs for 50 million generations were sampled every 2000th generation. Convergence and reaching the stationary phase was checked using Tracer 1.6 (Rambaut et al., 2013) and the run with the highest ESS values was selected for further analyses. The MCC tree was summarized with TreeAnnotator 1.8.1. The guide tree was finally edited in R package APE (Paradis, Claude & Strimmer, 2004) .
The posterior probabilities of the evolutionary independence of the alternative species-candidates were estimated using a concatenated multilocus dataset and starting guide tree in BPP 2.2 (Yang & Rannala, 2010) obtained in the analyses described above. The reversal jump MCMC (rjMCMC) algorithm was run for 20 000 generations, sampling every five generations and discarding the first 2000 generations as burn-in. All four loci were used in the analysis, with species delimitation prior set to 1, treating a priori species tree as a guide tree, algorithm set to 0, and fine tune parameter automatically adjusted. Regarding the small population sizes and recent splits, θ and τ values were set to 2 and 2000, respectively. To confirm consistency between the runs each analysis was repeated twice. We consider only those species that received posterior probability support higher than 0.95 as being evolutionary independent.
RESULTS

PHYLOGENETIC RELATIONSHIPS
Specimens from the eastern part of the geographical range of Niphargus do not form a monophyletic group. Two species from Crimea (N. vadimi Birštein, 1961; N. dimorphus Birštein, 1961) and one species from Iran (N. daniali Esmaeili-Rineh & Sari, 2013) are nested at basal splits of the Niphargus phylogeny, close to the Eastern-Central European Species (Fig. 3) . The third species from the Crimean Peninsula (N. tauricus Birštein, 1964 ) is sister to the East Romanian species N. dobrogicus Dançau, 1964. Most of the remaining individuals from Iran and a single specimen from Lebanon (Fig. 3) constitute a monophyletic group with unresolved relationship to other European Niphargus species. Current analysis implies a sister relationship with a clade from the DalmatiaHerzegovina region (western Balkans), although node support for this relationship was below 0.95. This clade is further structured and consists of several lineages. These lineages are presented in detail in the taxonomic section.
EVIDENCE FOR NEW SPECIES IN THE ZAGROS MOUNTAINS
Three methods for delimiting species yielded different numbers of species-candidates. The analysis of morphological variation revealed ten binary characters that could have been used to diagnose Iranian populations as distinct morphological species. The characters are named and illustrated in Figure 2 and include pattern of robust setae on telson ( Fig. 2A) , shape of epimeral plates (Fig. 2B ), ventral and dorsal ornamentation of respective urosomites I and III (Fig. 2C,  D) , setal pattern of mandibular palp (Fig. 2E) , type of robust setae on outer lobe of maxilla I (Fig. 2F) , shape of gnathopods propodus (Fig. 2G) , number of small robust setae at inner side of palmar corner of gnathopods (so-called 'supporting robust setae', Fig. 2H ), robust seta pattern of dactyls of pereopods III-VII (Fig. 2I ) and sexual dimorphism on uropod I and III (Fig. 2J, K) . Although some characters (setal pattern of mandibular palpus, multiple 'supporting robust setae', shallow telson cleft) are rare in Europe, all characters listed herein have been reported in other Niphargus species. None of the characters used here is unique for Iranian populations and diagnoses are not speciesapomorphies, but rather distinct combinations of morphological traits presented in Table 1 . Three samples (Ab-Rahmeh, Shol-Abad and the sample from Lebanon, see Fig. 4 ) contained juvenile individuals that could not have been diagnosed using morphological traits; the Lebanese sample was assigned as a separate species on a geographical basis. Note that diagnostic traits presented in Table 1 have been used only for characterization of focal populations and should not yet be considered as definite diagnoses at the genus level. We tentatively propose the samples may contain 13 species. Species detected by bPTP and GMYC suggest that samples comprise 12 and 16 species, respectively (Fig. 4 , right side; COI trees used for delimitation procedure are not shown). Results of GMYC are robust regardless of the molecular clock used. Seven species candidates have been detected by all three delimitation approaches, and another four species-candidates identified by two alternative methods.
Multilocus coalescence analysis in BEAST implies somewhat different hierarchical relationships between the studied individuals than phylogenetic analysis in MrBayes at nodes that were poorly supported (compare Figs 3, 4 and S1 ). In general, coalescence analysis gave higher node support than phylogenetic analysis; however, the results of multilocus coalescence analysis and phylogenetic analysis cannot be compared adequately as they were analysed with slightly different taxonsets. Estimates of the age of the main Iranian clade are roughly similar: the unilocus (COI) strict clock suggest an age of 13.7 Mya (95% confidence interval 11.3-16.2 Mya, not shown), unilocus (COI) lognormal clock an age of 13.6 Mya (95% confidence interval 6.8-41.9 Mya, not shown) and multilocus lognormal clock an age of 10.7 Mya (95% confidence interval 6.8-17.9 Mya, Fig. 4) .
Eleven species-candidates received high posterior support (pp > 0.95), indicating independent evolution of species-candidates. These include six out of seven species-candidates (labelled A, D, E, F, H, K (N. alisadri)] and three of four species-candidates [labelled B (N. khwarizmi), C and J] that were defined with respect to all three and two alternative delimitation analyses (bPTP, GMYC, morphology). Niphargus khayyami (labelled as species-candidate G), defined by morphology and phylogenetic analysis, also received high support (see Methods). Also well supported was species labelled I in Figure 4 , delimited by bPTP. Multilocus coalescence analysis implies that bPTP and morphologybased species delimitation outperformed GMYC, the latter showing a tendency towards oversplitting. Two species-candidates, even if delimited by two (speciescandidates labelled as L) or three (M) delimitation methods, failed to receive support for independent evolution. The taxonomic status of these populations remains unknown.
DISCUSSION
The inclusion of Iranian, Crimean and Lebanese samples into phylogenetic analysis importantly contributes to the elucidation of two aspects of the evolutionary history of the genus Niphargus. The first relates to the question of whether and how the Tethys-Paratethys system influenced the hierarchical structure of the genus. In the amphipod genus Gammarus, ancient seas separated European from Eurasian species (Hou et al., 2011) . The data presented here imply that the evolutionary history of Niphargus differs from that of Gammarus. Eastern species do not form a separate clade and the data strongly suggest that the eastern half of the genus range was colonized several times independently. The phylogenetic tree suggests that some species (N. vadimi and N. dimorphus in Crimea, N. daniali in Iran) may be of rather ancient origin. It is likely that the genus spread within or even beyond its present boundaries relatively early. The ancestral genus range might have been reshaped by mass extinctions caused by desertification and Pleistocene glaciations in the east and north, respectively (Ruffo, 1953; Fišer et al., 2009a; Zagmajster et al., 2014) . Unfortunately, uncertainties in phylogenetic structure and incomplete sampling of easternmost populations do not allow more detailed biogeographical implications for these species. The second wave of colonization of the eastern boundary is younger. The estimated age dates to the period between the Late and Middle Miocene (c. 11 Mya, relaxed clock; c. 7 Mya, strict clock). This corresponds to palaeogeological events that took place in the area of the Eastern Mediterranean (after Popov et al., 2004) . The landmasses of the present-day Balkan, Anatolia and Zagros areas were connected in the Oligocene-Early Miocene (20-13 Mya). The connection between Europe and Middle East was broken in the Late-Middle Miocene (12-11 Mya), when a marine transgression took place between the Eastern Mediterranean and Black Sea until the Messinian crisis (6-7 Mya) (Popov et al., 2004) . This transgression might have isolated the large Iranian clade (Fig. 4) from its European relatives, similarly to other groups of invertebrates (Papadopoulu, Anastasiou & Vogler, 2010) .
The second puzzling question is the geographical origin of the genus. A recently published phylogeny (McInerney et al., 2014) , together with studies of fossils (Coleman & Myers, 2000; Jażdżewski & Kupryjanowicz, 2010) , implies that Niphargus might have originated in north-western Europe. The results presented here challenge this hypothesis. The inclusion of new data (an additional nuclear marker, additional species, in particular species from the eastern border of the genus range) yielded a phylogeny that only partially recovered the hierarchical structure from previous research (Fišer et al., 2008a; McInerney et al., 2014) . The hierarchy at basal nodes differs from hierarchical relationships reconstructed by McInerney et al. (2014) ; two species from Britain (N. glenniei + N. irlandicus) are no longer sister to the rest of Niphargus species as proposed by McInerney et al. (2014) . To test whether this difference arose by reconstruction error, we also performed an additional analysis using the starting tree with basal topology as proposed by McInerney et al. (2014) ; however, this analysis yielded identical results as presented in Figure 3 . Nevertheless, both topologies (ours and that of McInerney et al., 2014) received some support and for this reason we suggest that at the current state of research the available data are not sufficient to accept either of the conflicting hypotheses. Although taxon sampling has been increased, additional independent molecular markers should be included in the analysis to raise confidence in the phylogenetic structure at the basal-most nodes.
Aside from phylogeny-related questions we cannot avoid the third aspect of this study, i.e. the incomplete species inventory of the genus. New species have been consistently found in all geographical parts of the genus range (Andreev & Kenderov, 2012; Karaman, 2012a,b; Esmaeili-Rineh & Sari, 2013; Hekmatara et al., 2013; Meleg et al., 2013; Ntakis et al., 2015) and the application of molecular methods suggests that many more species remain to be discovered (unpublished data; F. Stoch, pers. commun.) . This is also applicable to the samples from Iran and perhaps to the entire eastern half of the genus range. Samples from 22 localities in the Zagros and Elburz Mountains suggest that these samples comprise minimally 11 species, eight of which are not described (labelled C, D, E, F, H, I, J in Fig. 4 ). Despite limited sample sizes, conflict between the three species delimitation methods (bPTP, GMYC, morphology) was small. The problem of small sample size may be particularly problematic for interpretation of morphological variation. High morphological variation, including individual, age-dependent and sex-dependent variation, is one of the major characteristics of Niphargus (Fišer et al., 2008b) . Small sample size is also one of most common problems in Niphargus taxonomy in Europe. To our knowledge, whether diagnostic morphological characters are non-polymorphic Fišer et al., 2009b) . Population specifics using the minimal number of traits are listed in the Table 1 . A, telson may be shallow (left) or deep (right, arrow) clefted; B, epimeral plates in some populations were extremely pointed (left) as compared with subrounded (right); C, urosomite III is typically without setae or robust setae (upper) and only rarely with ornamentation (lower, arrow); D, at the base of the urosomite are typically strongly robust seta (upper, arrow) that are rarely doubled; E, mandibular palpus has setae on two distal articles (left), and rarely are setae present also on basal article (left, arrow); F, outer lobe of maxilla I bears seven robust setae, sometimes all seven are multidenticulate (upper) and sometimes only the inner one is multidenticulate and other with up to two denticles (lower); G, gnathopods may be rectangular (left) or more or less almond shaped (right); H, palmar corner of gnathopods is ornamented with several robust setae; at inner side is usually a single short robust seta (right, arrow), rarely two or more (left, arrow); I, dactyls of pereopods III-VII may have a single robust seta at base of nail (lower) or two or more such robust setae (upper); J, uropod I rami may be of equal length in both sexes (left), or inner ramus is elongated in males (right); K, uropod III distal article may be short in both sexes (right), or more or less elongated in males (left). ◀ has rarely been questioned (Fišer et al., 2010) . The same problem applies to this study: the number of individuals is not sufficient to provide evidence as to whether diagnoses are based on non-polymorphic characters (see Wiens & Servedio, 2000) . The problem of small samples in the molecular data-based methods may be especially pronounced in N. khwarizmi sampled in two populations 570 km apart that probably captured the extremes of genetic diversity, which was possibly erroneously assigned to separate species by GMYC. However, the multilocus coalescence species delimitation approach apparently successfully resolved the conflict between the methods, but also successfully bridged the problem of missing data. For example, sequencing of COI for Niphargus khayyami failed, yet morphologically delimited species could have been tested together with other species within the coalescence frame.
It should be stressed that the number of undescribed species is rather high per sampling site and many species seem to be bound to a single hydrographical basin. This suggests that thorough sampling will probably yield additional species. At the moment, more data are needed for a proper evaluation of species diversity of Iran and other eastern areas. It should be acknowledged that large areas of Palestine, Israel, Syria, Iraq and Turkey where Niphargus species were found or are expected (Fišer et al., 2009a) remain to be visited and sampled. This fieldwork will be particularly challenging as complete inventories of subterranean fauna require field work at fine scale coupled with multiple Figure S1 ; posterior probabilities for nodes are indicated with circles. The time scale at the bottom has been obtained from an uncorrelated lognormal relaxed clock using the calibration points of Hou et al. (2011) and McInerney et al. (2014) . Species-candidates as a result of species delineation using bPTP, GMYC and qualitative morphological data are indicated in boxes to the right side. Speciescandidates that received support within the multilocus framework are indicated with circles. Same labels are used for species delineation and node support: pp = 0.90-0.94 (white circles), pp = 0.95-0.99 (grey circles), pp = 1.00 (black circles).
visits to individual caves (e.g. Fišer & Zagmajster, 2009 ). Moreover, sample sizes are often small (this study) and may present one of the major obstacles to accurate species delimitation methods (e.g. Niemiller et al., 2013) and robust taxonomy of the genus. We hope that this study will promote future research of the subterranean fauna in the Middle East.
